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LOW-SUBSONIC 8TABILHY AND CONTROL 
CHARACTERISTIGS OF A 0.01^-SCAIE REMOTELY 
CONTRCLIED EIEVON MOBBL (4if-0) OF THE SPACE 
SHUTTIE t)RRITER.IN THE LANGIFY RESEARCH CENTER 
LOW TURBULENCE PRESSURE TUNNEL (LA61B) 


ABSTRACT 

The Inv^estlg^tlon wae conducted in the NASA/Langley Research Center 
Low Turbulence Pressuire Tunnel during the time period from January 5 
1976 to January ll^, 1976. The model was a Langley-bullt 0*015 -scale 
SSV Orblter Configuration with remote Independently operated left cuid 
right elevon surfaces. The objective of the test wae to generate a de- 
tailed aerodynamic data base for the current Shuttle Orblter Configura- 
tion. Special attention was directed to definition of Reynolds number 
effects on nonlinear aerodynamic characteristics of the orblter. Small 
Increments in angle of attack, sideslip, and elevon / aileron position 
were studied In order to better define areas where nonllnearltles may 
occur. Slx- 9 onpcnent force and moment, and elevon position data were 
recorded over an angle of attack range from < 2 ° to 20 ° at angles of side- 
slip of 6 ° , ±2° and ±4. Tests were also made over an angle of sideslip 
reuige of - 6 ° to 6 " at selected angles of attack and elevon/alleron po- 
sition. The test Match numbers were from O .15 to 0.30 at Reynolds numbers 
from 2.0 to 13.5 X 10^ per foot. 
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lOTRODUCPION 

Tbe HASA Is continuing experimental and analytical development of an 
aerodynamlcally sound and effective Space Shuttle vehicle. Extensive 
wind tunnel support has heen devoted to this vehicle, especially the Or- 
hiter Configuration, which Is at present fixed In basic design . Several 
areas of concern have recently been noted from analysis of experimental 
data obtained from the numerovis tests In various facilities which are: 
tbe existence of regions of nonlinear aerodynamic characteristics slgnlfi- 
cant enough to cause concern to control designers and In some cases, dls* 
agreement between data obtained in the various facilities across the 
country. 

Threfore, the Langley Research Center, In cooperation with Johnson 
Space Center and Rockwell International, has imdertaken an experimental 
program to determine In detail the aerodynamic characteristics of a model 
of the Space Shuttle Orblter. Attamtion will be given to conditions which 
have in past investigations shown regions of nonlinearity, since detailed 
definitions In these regions are partlcnxlarly Important In the development 
of longitudinal and lateral control characteristics to be u«M In the ve* 
hide control logic. In addition. In order to minimise the effects of 
configuration differences which may cotitrlbute to uncertainties a single 
model will be tested In the following selected facliltles: 

Langley Research Center 

8 Ft. Transonic Pressure Tunnel 
Low Turbulence Pressure Tunnel 
Ihxltary Plan Wind Tunnel 
Ames Research Center 

12 Ft. Transonic Pressure Tunnel 
Calspan 

8 Ft. Variable Density Transonic Tunnel 
Iffy. Inc. 

k X k Ft. Supersonic Wind Tunnel 
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INTRODUCTION (Concluded) 

The model was designed with remotely controlled elevens so that 
pitch and roll control effectiveness could be defined In small control 
Increments over a wide range of control settings In an expedient manner. 

A large data base of aerodynamic characteristics will be determined In 
continuous flow lower Reynolds number facilities. Nonllnearltles or 
other possible problem areas that appear In these low Reynolds number 
tests will be investigated In facilities which are capable of higher 
Reynolds numbers. At the conclusion of the overall program » aerodynamic 
data will be available In the Mach range from 0.23 to 4.6 on a single 
model (to eliminate possible configuration differences) and In a suf- 
ficiently wide range of Reynolds numbers to give a high degree of confi- 
dence In the data and extrapolation to full scale conditions. 

The purpose of the present paper is to present aerodynamic charac- 
teristics obtained In the Langley Low Turbulence Pressure Tunnel at low- 
subsonic speeds over a range of Reynolds numbers from about 2 to 13 X 10^ 
per foot. Data were taken over an angle of attack range from -2^ to 20° 
and angles of siderllp of 0°, 12°, and ±4°. Additional tests were made 
over an angle of sideslip range of -6° to 6° at selected angles of attack. 
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NOMEKCIAIURE 

General 

DEFmiTION 

speed of sound; n/sec, ft/sec 
pressure coefficient; (pj^ - P«)A 

Hsch nundier; V/a 

pressure; psf 

dynamic pressure; l/2sV®, M/a^, psf 

unit Reynolds number; per n, per ft 
velocity; m/sec, ft/sec 
angle of attack, degrees 
angle of sideslip, degrees 
angle of yav, degrees 
angle of roll, degrees 
mass density; kg/m^, slugs/ft^ 
Reference & C.Q. Definitions 

base ares; m^, ft^ 

ving span or reference span; m, ft 

center of gravity 

reference length or ving mean 
aerodynemic chord; m, ft 

ving area or reference area; ft^ 

moment reference point 

moment refervuce point on X axis 

moment reference point on Y axis 

moment reference point on Z axis 

base 
local 

static conditions 
total conditions 
free streem 


ORIGINAL PAGE IS 
OP POOR QUAUIY 


NOHSJCLATUHE (Continued) 
Body-AxlG System 


PLOT 

■SWBOL 

MNEMONIC 

DEFINITION 


CN 

normal-force coefficient; force 

qS 

Ca 

CA 

axial-force coefficient; force 

qS 

Cy 

CY 

side-force coefficient; force 

qS 


CAB 

base-force coefficient; force 

qs 

-Ab(Pb * Pco)/qO 

^Af 

CAF 

forebody axial force coefficient, 

Cm 

CIW 

Ditchinr -moment coefficient: pitching moment 

qS/REB- 

Cn 

CYU 

yawlng-mcment jrawin^ BKXnent 

qSb 

c/ 

CBL 

rolling-moment coefficient; 3: oiling moment 

qSb 



Stability-Axis System 

Cl 

CL 

lift coefficient; 

qS 

Cd 

CD 

drag coefficient; 

qS 

\ 

CDB 

base -drag coefficient; 

qS 

CUf 

CDF 

forebody drag coefficient; - Cj^ 

Cy 

CY 

side -force coefficient; force 

qS 

Cm 

cm 

pitching -moment coefficient; 

*^®/rEP 

c 

n 

CLN 

yawing-moment coefficient; yawing moment 

qSb 

C£ 

CSL 

rolling-moment coefficient; r-9.^,^^^6 

qSb 

i,/d 

l/d 

lift-to-drag ratio; Cj/Cp 

I/Df 

l/df 

lift to forebody drag ratio; Cj/Cpj, 

ft 


stagnatioi temperature, degrees F 
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NOMENCLATURE (Concluded) 


Plot 


Symbol 

Mnemonic 

Definition 


ELVN-L 

left elevon surface deflection angle, positive 
deflection trailing edge down, degrees 


ELVN-R 

right elevon surface deflection angle, positive 
deflection trailing edge down, degrees 

«a 

AILRON 

aileron deflection angle, (ELVN-L/2 - ELVN-R/2) 
degrees 

«e 

ELEVON 

elevon deflection angle, ( ELVN-L/2 '+ ELVN-R/2), 
degrees 

6bF 

BDFLAP 

body flap deflection angle, degrees 

^SB 

SPDBRK 

speedbrake deflection angle, degrees 

«r 

RUDDER 

rudder deflection angle, degrees 


DCBLDB 

rolling moment coefficient derivative with 
respect to sideslip angle, per degree 

% 

DCYNDB 

yawing moment coefficient derivative with 
respect to sideslip, per degree 

% 

DCY/DB 

CPBl 

CPB2 

CPB3 

side force coefficient derivative with 
respect to side slip, per degree 

model base pressure taps 
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TEST CONFIGURATIONS INVESTIGATED 

The test model was a O.OlS-scale model of the Space Shuttle Orblter. 
(Figures 2 and 3) . The model was constructed at the Langley Research 
Center using the nose section forward of full-scale fuselage station 
672.8, the vertical tall and OMS pods from an existing Rockwell model 
49-0. The remainder of the model, the wings, elevens, and body were con- 
structed from Rockwell-furnished line details. The elevon hinge line gap 
was sealed for this test. The left and right elevon surfaces were driven 
independently by Internally mounted electric motors. The elevon position 
was determined by high resolution potentiometers mounted on the pivot 
axis of the elevens thus giving the true position of the elevon under load 
at all times. The accuracy of the elevon position Is the read-out accuracy 
of the potentiometer, which was determined to be within 0.2 degrees. 

The model configuration Is summarized as follows: 

Orblter- 140A/B/C - C^ £^3 Fg N28 R5 Vg W 

Component Definition 

B , Fuselage per Rockwell Lines VL70-000140A 

and VL70-000140B (Model drawing SS-A00147) 

C Canopy per Rockwell Lines VL70-000140A and 

® VL70-000143B (Model drawing SS-A00147) 

E Slotted version (6-lnch) of E_,elevons per 

Rockwell VL70-000145 (Model dfSwing SS-AOO 
147) 

F- Body Flap per Rockwell Lines VL7 0-000145 

° (Model drawing SS-A00147) 

M., OMS/RSC pods per Rockwell Lines VL70-0084010 

(Model drawing SS-A00147) 

OMS engine nozzle per Rockwell Lines VL70- 
" 000145 (Model drawing SS-A00147) 

R. Rudder per Rockwell Lines VL70-000146A 

(Model drawing SS-A00148) 

Vj. Vertical tall per Rockwell Lines VL70-001 

” 46A (Model drawing SS-A00148) 
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CONFIGURATIONS INVESTIGATED (Concluded) 


Cotgponegt Definition 

W wing per Boekirell V70-30-906-01 (EmIc con- 

trol drawing) 

A conplete description of model dimensional data is given in Table III. 



TEST FACILITY DESCRIPTION 


The tests were conducted in the Langley Low-Turhulence Pressure 
Timnel, which is a variable-pressure, single return facility with a 
closed rectangular test section that is 0.91** meter (3.00 ft.) wide and 
2.290 meters (7.^0 ft.) high. The tunnel can accommodate tests in air 
at low subsonic Mach numbers and at a Reynolds number per unity length 
up to about U 9.2 X 10® per meter (15.0 X 10® per ft). 
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TEST CONDITIONS 



The tunnel conditions existing during the test are suaMrlsed In Table 
I and the configurations tested are shown In Table The nodal was 
sting supported, and che aerodynamic forces and moments were measured by 
an Intemally mounted six -component strain gage balance* In an attempt to 
Insure tuzbulent flow over the model, strips of carborundum grit, were ap- 
plied to the wing, vertical tadl, and nose ais shown in figure 2c, Tests 
were also made without grit for cooipanson puzposes. Model angle of at- 
tack was varied from about -2® to 20° for angles of sideslip of 0°, ^°, 
and ^®* Sideslip angles were varied from -6® to 6^ at angles of attack 
of 0®, 6®, 12®, and l8®. Angles of attack and sideslip have been correc- 
ted for the effects of sting deflection under load* Runs were made either 

o o 

by setting the elevens at a fixed angle from +10 to -20 and varying the 
angle of attack or by fixing the angle of attack and varying the eleven 
tmgle* HO correction due to load has been applied to eleven angle since 
total torsional bending of the eleven has been detexmlned to be negligible* 
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DATA REDUCTION 


A LARC UT-27-100 six coBiponent strain gage balance was used to nea- 

sure model forces and moments. All final data were presented along a set 

of body and stability axis (Figure 1) passing through the nominal center 

of gravity located at P. S. 1076.7 and PRL 375.0. Drag data presented 

represent gross drag In that no corrections to free -stream conditions in 

the base regions have been made. Model data were converted to standard 

NASA Coefficients using the following constants: 

S 2 

Reference Area ref ■ 0.605 ft. 

Reference Length *^ref ■ 7.122 In. 

Reference Span ref ■ l*«-.05 In. 


Total base area excluding 2 

sting cavity Ab ■ 0,06l5 ft. 

Sting Cavity urea Asc « 0.3**09 ft.^ 



TEST i LaRC IffPP 228 (ia6ib) I 

DATE : 2^-76 

TEST CONDITIONS 



MACH NUMBER 


REYNOLDS NUMBER 
(per ft.) 


DYNAMIC PRE^UjlE 
( pounds /sq . foot) 


STAGNATION TEMPERATURE 
(degrets Fahrenheit) 



BA.LANCE UTILIZED; 


CAPACITY; 
600 lb. 


ACCURACY: 
*3 lb. 


COEFFICIENT 

TOLERANCE: 


±0.500 lb. 

±4«Q0 


600 in. -lb. ±3.00 An. -lb. 


COMMENTS; 


17 













































TABI£ I (Concluded 


TEST : LnRc IffPT 228 (IA61B) 


DATE S 2-9-76 


TEST CONDITIONS 

y' 


MACH NUMBER 

REYNOLDS NUMBER 

DYJIAMfC PRESSURE 

STAGNATION TEMPERATURE 

(per ft.) 

(pounds/sq.foot) 

(deifrees Fahrenheit) 



8*0 X 10 


10.0 X 10 




BALANCE UTILIZED: 


laRC OT 26 5$ 

CAPACITY; 

600 lb* 

300 lb* 

55 It; 

800 In. " lb. 

ItOO In. -lb. 

600 in'. -lb. 


ACCURACY: 

3*00 lb. 

1.50 lb 
0;275 lb. 

2.00 In. -l b. 

3.00 In. -lb. 


COEFFICIENT 

TOLERANCE: 


COMMENTS: 
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CABI& ZZZ 

MODEL DIMENSIONAL DATA 


MODEL COMPONENT ^ 

Oonflcuractlon I^iQA/b Oil>lter fwelam 

GENERAL DESCRIPTION 

iwnii Ig identical to nnawBid> ot 

fuselage baa been refalred to accept tf 
NQBBL SOUBt 0.015 NOSOL DBAWZnt SS-AOOUT* REZBASB 12 

DRAWING NUMBER : YL70-0001^3B» *000200, 000205, «006089» -0001^^5» 

-000li»^, OOOUMXB 


DIMENSIONS ; 

FULL SCALE 

MODEL SCALE 

• Length (<MLt VM 8ta. X^^37)*In« 

—1293.3 

19*M» 

• Lei«tb(]IILi FM 8ta. X°-238)-In. 

1290.3 

19.355 

♦Max Width(« X-1528.3)-In. 

26 it.O 

3.960 

Max Depth (# ■ lh6l>) - In. 

Fineness Ratio 

250.0 

3.T50 

Area - Ft^ 


O.OT7 

Mox. Cross-Sectional 
Plan form 




Wetted 



TABU m • OOK3BOED 

MODEL DIMENSIONAL DATA 


MODEL COMPONENT 

CABOPT - Cg 

GENERAL DESCRIPTION 

Oonflgurstlon 3A» Ouioipj usad vltli f^alapa 


b&. _ 


NODBL aaOMt 0»(O5 

NQSSL DBAVDOt SS^OOIAT, KKUAS 32 

DRAWING NUMBER : 

VL70-0001A3A/B 


DIMENSIONS ■ 

FULL SCALE 

MODEL SCALE 

Length (X^- k3k,6k3 to JS?) 


2*350 

Max Width(®Q " 513 . 127 ) 


2.286 

Max Depth (« X^- ^5*0) 

2?.000 

0.5T5 

Fineness Rotio 
Area 

Mox. Cross-Sectionol 
Planform 

Wetted 

Bose 




( 
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TABLE III - Continued 
MODEL DIMENSIONAL DATA 

SLOTTED ELEVON ( 6 -inch GAP) - E^o 

MODEL COMPONENT : ^ 

GENERAL DESCRIPTION Configiiration lUOA/B Orbiter elevon» 

NOTE: , E 43 is a slotted version of E 26 . Data are for one side. 
MODEL SCALE: 0.015 MODEL DRAWING: SS-AOOlL? 


DRAWING NUMBER VL70-000lt»_? 



DIMENSIONS 

FULL SCALE 

MODEL SCALE 

i 

Areo - Ft.^ 

210.0 

0.01*73 

- 

Span (equivalent)- In* 

3U9.2 

5.238 

t 

Inb'd equivalent chord - In* 

118. ooU 

1.770 


Outb*d equivalent chord 

Ratio movable surface chord/ 
total surface chord 

55.192 

0.828 


At Inb'd equiv. chord 

0.2096 

0.2096 

1 

At Outbid equiv. chord 
Sweep Back Angles, degrees 

O.LooL 

0.4001* 

J 


Leading Edge 

0.00 

0.00 


Trailing Edge 

-10.056 

-10.056 


Hingeline 

0.00 

0.00 




: \ 
\ 

Area Moment (Normal to hinge line) 

1587.25 

0.00536 


Mean Aerodynamic Chord (c), in. 

90.7 

1.3605 


ORIGiNAIi 
OP POOR QUAUTY 
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XAHIS in - OOBtiinied 

MODEL iWfeNSIONAL DATA 


MODEL COMPONENT : ^ 

O»fl«ur«tloa 1 HOA/b Oxtlter Body Ha*. Hng«* 

GENERAL DESCRIPTION T-. 

line located «t - 1528.3, \ - 28^.3 

WMt. sCAUt 0.015 MODEL DBAVnas SS^OOll^T, IBLBASB 32 


DRAWING NUMBER . YL-0003lK)A, VLTO-^X)03l»5 


DIMENSIONS . 

FULL SCALE 

MODEL SCALE 

Length (X^ - 1520 To X^ - l6l3) 

— 23tfl!» 

1^395 


Max Width (in.) 

262.00 

3*930 

Max Depth " 1520) • &I. 

23.000 

0*3^5 


Fineness Ratio 

Area • Ft^ _ 

Max. Cross-Sectional - 

Planfom 150*525 0*0339 

Wetted - -- - 

4l.8t722 0.009i^l 


Bose 
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TABES in-OontlinMd h 

MODEL DIMENSIONAL DATA 


MODEL COMPONENT : (MB POd 

GENERAL DESCRIPTION • Oomflgurfctiop lACP Ortitw (MB fPd 



NQDBL SGAIBt 0.015 

NOOBL DRAimnt 

as^ooUii^r 

DRAWING NUMBER ; ▼WO-OOOlAOO, 

VL70-0064010 


DIMENSIONS : 

FULL SCALE 

MODEL SCALE 

LenQth (CMB IWd Sta X -1310.5 )-Id. 258.5 

3.8T8 

Mox Width (® 15U)-In. 

136.8 

2.052 

Max Depth (® 15H)-lliU 

7%.T 

1.121 

Fineness Rotio 

2.^ 

2.^ 

Areo - 

58.86^ 

0*0132 

Mox. Cross-Sectional 


. ’ 

PI an form 



Wetted 



Base 




I 






MODEL Ca-arO:;£IJT: 


TABLE III (Contid) 

0KB HOZZLEB - H2fl 

Oonfigaration IkOk/'B Orblter OMS lOzsIe* 


MODEL SCALE; 0»0L? 

DRAlVIira NUMBER; VL7O-0Q0l4$, (location) 
DIl-IFKSIONS: 

M/\CH HO: 

Length — In. 

Global Point to Exit Plane 
Throat to Exit Plane 

Diameter — In. 

Exit 

Throat 

Inlet 


MODEL DWG: 


fcic*r#:#:oLrvi 


FULL SCALE 


MODEL SCALE 


Area — ft 
Exit 
Throat 

Gimbal Point (Station) 

Left Bozsle 
X 

y 

z 

RlC^t XOzzle 
X 
Y 
Z 


1518. a 


1518»0 

♦fla^o 

4^,0 


22.770 


22.770 


null Position - Deg. 
lAft Hezzle 

Pitch 

Yaw 


15*49» 


15*49» 


RLsfht Vozzle 

Pitch 

Yaw 


15*49> 


15*49* 


OF POOR QUALrry 



TABLE in - Continued 

^.ODEL DIMENSIONAL DATA 


MODEL COMPONENT RAPPER - gs 

GENERAL DESCRIE flON 3A, 3, 3A, l»OA/B CMfl«ur«tlcM. 




MOSEL SCALE: 0.015 

MODEL DBAUING: SS-A00148 


DRAWING NUMBER vr.7n-00QQQS, VLTQ^QQQl^Q 


DIMENSIONS 

FULL SCALE 

MODEL SCALE 

Areo Pt^ 

100.15 

0.0225 

Spon (equivolent)"" I®* 

201.0 

3.015 

Inb’cf equivolent chord "" 

... 

1.3738 

Outb'd equivolent chord ** 

50.833 

0.7625 

Ratio Tiovable 3urfcce chord/' 



lofol surface chord 



At lob’d cquiv. chord 

0.400 

0.400 

At Outbid equiv. chord 

0.400 

0.400 

Sweep Bock Angles, degrees 



Leoding Edge 

34.83 

34.83 

Troilmg Edge 

26.25 

26.25 

Hingcline 

34.83 

3«».83 

Areo Moment (Normal to hmge lirte) 

610.92 

0.002 

Mean Aerodynaolc Chord, In. 

73.2 

1-096 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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TABID III - Continued 


MODEL DIMENSIONAL DATA " Coi.tin-.ed 


MODEL COMPONENT : .VEHTICAL - ya 

G'^NERAL DESCRIPTION Configuration 140A/B Orbltcr Vertical Tail. 


M ODEL SCALE: 0«015 DRAWIMG MUM3ER; 

DRAWING NUMBER VL70-<XX)l4^ 


S S-AOOl48> 
RELEASE 6 


DIMENSIONS: 

TOTAL DATA 

Area (Theo) - 
Planfortn 

Span (Theo) - In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees. 
Leading Edge 
*T railing Edge 
0.25 Element Line 

Chords: 

Root (Theo) WP 
Tip (Theo) W? 
fViC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L..of .25 MAC 

Airfoil Section 

Leading V/edgs Angle - Deg, 
Trailing \/edge Angle - Deg. 
Leading Edge Radius 


Void Arja 
Blanketed Area 


FULL SCALE MODEL SCALE 



0.023 

315.720 


_ 

^rt75 

0.507 

0.567 

0.464 

■“TOW 

45.000 

45^000 

25:^ — 

“2ST2 

4iriib 

”417135 

268.500 

4.028 

106.476 

“I76S7 

I957W 

"~2r997 

1463.50 


63?r522" 

9'.’533 


10.00 10.00 


i 4.920 

i4.^ 

2.00 

0.030 

illL- 


XLiiQL- 

0.00 


OIUCtlNAIj 
OF FOUR quality 
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TABLE III — (Concluded) 


MODEL COMPONENT: WING - 

w 

GENERAL DESCRIPTION: 

Configuration k 


NOTE: Identical to WnL except airfoil thicknesB. 


Dihedral angle is along trailing edge of ving. 

MODEL SCALE: 0.015 

MODEL DRAWING: SS-AOOIL8 

DRAWING NUMBER: VL7O-OOO1I+OA, -000200 

DIMENSIONS: 

FULL-SCALE MODEL SCALE 


TOTAL DATA 


Area - Ft.^ 

Planform 

Wetted 

Span (equivaleiit)(Theo) in. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : 

Root (Wing Sta. 0.0)(Theo) B. P.0.0. 
Tip, (equivalent)(Theo) B.P. 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Airfoil Section 
Root 
Tip 

EXPOSED DATA 


2690.00 


'9S6.bb 

2.265 

1.177 
0.200 
3 -SOP 

0.500 

-t-^.OOO 


L5.000 

- 10.056 

35.209 

689. 2L 
137.85 
I47L.8I 
1136.83 
290-56 

182.13 


0.605 


IV. 050 
2.265 
1.777 
0.200 
3.500 
137515Cr 
+3.000 


U5.000 

-ro.o$6 

35.56$ 

10.339 
OSS' 
7.122 
“17705? 
• • V.'35$ 

2.732 


Area - Ft. 2 

Span, (equivalent)(Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 
MAC 2 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


1750-50 
720 . b "8 

2.059 


562.09 

, . 13 7 ■■8?.. 

392.83 

1185.98 

-.,2 9‘^ .riO 

251.77 


O.39U 

IO.8IU 

■059- 

~fl':5it5 

8.1*31 

~ 27 m 

“5789? 

17.790 

~ i*.l*i5 
3.777 
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Figure I. - Axis Systems. 



















Orbiter Configuration, Front 3/U View 
Figure 3« ” Model Pliot/Ogrsplis 
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FIGURE 4. EFFECT OF MACH NUMBER ON ORB ITER AERODYNAMIC CHARACTERISTICS, CONTRri 
SURFACES AT 0 DEGREES. RN/L= 4.0 

PAGE 








1 



^ I oao<3^ 


Qq 


o 


OJ 


FIGURE 4. EFFECT OF MACH NUMBER ON ORB I TER AERODYNAMIC CHARACTERISTICS, CONTROL 
SURFACES AT 0 DEGREES. RN/L= 4.0 


n[ 




I— J 

^ I ODO<3^ 
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FIGURE i+. EFFECT OF MACH NUMBER ON ORB I TER AERODYNAMIC CHARACTERISTICS, CONTROL 
SURFACES AT 0 DEGREES, RN/L= H.O 
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FIGURE 6. EFFECT OF MACH NUMBER ON ORB I TER AERODYNAMIC CHARACTERISTICS, CONTFROL 
SURFACES AT 0 DEGREES, RN/L= 8.0 

PAGE 


1 


i 

r 


r 


•l/)U)000 


QC ooooooo 
o ooooootn 

U oo CDOOO — 

z oo)iDr*oooi 

oj^tDU) in 
uj err*' r* 

U (D ^ 0)0 Kl 
Z fu - 


\±i li. Ij. Lu Q. Q- Q. _J 

3 ) -imx > Nio) 


iSan 

BisHiani 

■■■■■laamii 


m y' Q. X z 
" y <o:o 
3 -JSS> 
m ^ u o u 
^ < OQ. ^ 
'— • > CD »/>LJ 

(Do 

I oc 


oo5o 

ru5 -m * 


i 


.jnaapy 




mL^ 

mm 

immt 


— rum — 

iCSfiiS 


|hhBSBL»i 


fVl — 

o o 


^?ODO<1 


T 


r 


Y 


I 


'WWU I 


FIGURE 6. EFFECT OF MACH NUMBf ON ORB ITER AERODYNAMIC CHARACTERISTICS, CONTROL 
SURFACES AT 0 DEGREES, RN/L= 8.0 


} 

t 


I 


/ 



o 

cr 

h- 

z 

o 

o 


tn 

o 


if) 

cc 


2 

u 


< 

q: 

< 

X 

a 

u 

r 

< 

2 

>- 

Q 

O 

cr 

u 

< 

cro 
u • 

H-CO 

m It 

cc^i 

Ov. 

z 

zq: 

o 

(TtO 

UiUJ 

muj 

xcr 

DO 

zu 

Q 

X 

oo 

< 

r»- 

< 

Lx. 

otn 

UJ 

KO 

o< 

Uix. 
Li- ct: 
Lx.D 

unn 


CD 


u 

a: 

D 

O 


CT 


LJ 

O 

< 

Q- 










• diinooo 


g oooooo o 
oooo o otn 
W ooCQooa 
2 ooDSr-oo 

'i 


ui u. u. U. CL Q. a 

^mm 


SjE OOO 

rn ooo 
Jlj- ooo 

U in ‘ 

cn ^ 

u 

(D 

oo[2Sg§ 

^ < O Q. -J 
•^ > CD lO U 


cok 

aja • • • * 


<g jcr 
Q -J 
mcc § < 


m/Bimm 


IMIMlJhll 

iMMi WH— Mr 

MqHHM 

r-4H 

IMMMMI 

■SSSEfun 


ssnssBl 


nmH 

’*n 8 HLn 

niMi 


I CSSS 

P 2 


3 |oOO <3 







1 


• (Atnooo 


g ooooooo 
oooo OO lO 

u 0000000 *- 

z oooior** oo o 
iOU) tn 
^ jg 0)0 w 

in«JOD X >• NU 1 


HMaganlBil 

uhihbeihip 

I— — Hiiiiirwiifi 
, JieBHBBM fmiffl 

^^uaammmaagap 

VaiiBBSHHL 

— na^aad 


msigg 

^ 3 -J® > 


w U OOOO 

(Da So§o 

015 o 
lU 0 . 


Z as 

— ' <q^q: 

H* O ^ -J 

O tfgs< 

< 


2|od<> 
^ 5> 


I 


I 


FIGURE 7. EFFECT OF MACH NUMBER ON ORB I TER AERODYNAMIC CHARACTERISTICS, CONTROL 
SURFACES AT 0 DEGREES, RN/L» 1 0.0 - 



•CftlAOOO 

*-wuix>-^ 


rn oo o 

^ OOO 

LU ^ 
O) ^ 
o 
(D 
OJ 

ill 

cD^ te^y 

— • > CDlPiJ 


w UJ O O O O 
res 3 C OOO o 

CD *c oooo 




g ooooooo 
OOO O O O lT> 
U O O CD o o o — 
z ocD^r«ooo 

O ^ tPU) to 
iaI r' 

^ jgj’O'o ro 

u 

U. IaJ 

w ub.u.Q.aaj 
in^mx > fMcn 


■■■■■iii! 

Nsnk 

inniim 

IHMM 

«■■■! 


!■■■■■! 


tSBBtsam 


inniB 

nnini 


MM 


j £ g 

— * <Q -jq: 

y aSi- 


■angi 


I 


I 




CVJ 



^ScXDO 

w 5 


-J 

O 

tr 

1“ 

z 

o 

o 


cn 

o 


u 

o 

< 

a. 


cn 

S 

UJ 

u 

< 

cr 

< 

X 

o 

o 

X 

< 

z 

>- 

o 

o 

o: 

tij 

< 

o 

q: ' 

LUO 


CD II 
QT-J 
O-N 
Z 

zcr 

o 

o:in 

uu 

CDUi 

zq: 

DO 

ZbJ 

O 

X 

oo 

< 

ZH- 

< 

Lt. 

Of/) 

LU 

KO 

o< 

uu 

Li-Ct 

Li.D 

IU(/) 


D 

O 







f 


} 

I 


• wcnooo 
■ X > 




oo o o o o o 
o oo o o o tn 


cPOMor- oo o 




uj Luuuaaa^ 
K uiuiua o: tr < 
qroro: r r x: o 

i/) -JQO X X Nil/) 


'inniiui 

^SSOBSi 

BBS 

isnssi 


SBB 


«■■■■■ 

nniiMiipni 

nirBiii 

nlmini 


mm 




w u oooo 
^ r oooo 
CU < oooo 

0J 5 • o 
fU a - 


< 


5*-* 


jBBBiaHa 

■■Her 

kiMBi 


HiiipnB 

IMM 


- OJ 

o o 


T 


FIGURE 7. EFFECT OF MACH NUMBER ON ORB ITER AERODYNAMIC CHARACTERISTICS, CONTROL 
surfaces at 0 DEGREES, RN/L= 1 0.0 

PAGE i 





r 


I 


• </ic/>ooo 
Ui X > rst 
L. I X 



K 00 v >0000 

O OOOOOOtfl 
U OOCDOOO-- 

z omiDr'ooo 


O J- U)U) 


UJ oir- M r- 


o 40 j- cno 
Z Al — 




in 

p> 

ro 


W UU-U.Q.CL(L^ 
tt ujuJujacrQ:< 
Ci: ft: cr X 2: r o 
01 -1 00 X >- fM m 


CD 

> 

to 

cr 

CD 

OJ 

z 

(O 


r 

(D 

000 
rO 000 
j- 000 

Ul * 

cn 

o 

(O 

OJ 

fp in Q V z 

UJ < O' o 


* < DO. _l 

• > £D tO Ui 


Ul 0000 
^ £ 0000 

tU < C 3 O O O 

015 • o ’ 
ai2 - 




0(7) — 

mo j* 

— — (U 



o 





FIGURE 7. EFFECT OF MACH NUMBER ON ORB I TER AERODYNAMIC CHARACTERISTICS, CONTROL 
SURFACES AT 0 DEGREES, RN/L- 10.0 
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FIGURE 8. EFFECT OF REYNOLDS NUMBER ON ORB I TER AERODYNAMIC CHARACTERISTICS, 
CONTROL SURFACES AT 0 DEGREES, MACH* 0.15 

( A ) MACH = .15 PAGE 
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FIGURE 8. EFFECT OF REYNOLDS NUMBER ON ORB I TER AERODYNAMIC CHARACTERISTICS, 
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FIGURE 9<A). EFFECT OF REYNOLDS NUMBER ON ORB I TER AERODYNAMIC CHARACTERISTICS 
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FIGURE 13. ORBITER LATERAL-DIRECTIONAL aERODYNAHIC CHARACTERISTICS 
ELEVON- -1C DEGREES 

(AIMACH » .20 








FIGURE IH. ORB I TER LA TERAL-OIRECTIONAL AERODYNAMIC CHARACTERISTICS. 

ELEVON= n DEGREES 
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FIGURE 16. EFFECT OF SIDESLIP ON ORB I TER AERODYNAMIC CHARACTERISTICS, 
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FIGURE 18. EFFECT OF SIDESLIP ON ORB ITER AERODYNAMIC CHARACTERISTICS, 
ELEVON= 0 DEGREES 
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FIGURE 18. EFFECT OF SIDESLIP ON CRB I TER AERODYNAMIC CHARACTERISTICS 
ELEVON= 0 DEGREES 
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FIGURE 20. EFFECT OF SIDESLIP ON ORB I TER AERODYNAMIC CHARACTERISTICS, 
ELEVON= 10 DEGREES 
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FIGURE 22. AILERCN EFFECTIVENESS, ELEVOM= 0 DEGREES 
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FIGURE 23. AILERON EFFECTIVENESS. ELEVON= 10 DEGREES 
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FIGURE 28. AILERON CONTROL HYSTERESIS, ELEV0N= 10 DEGREES. 
ANGLE OF ATTACK= 19 DEGREES 

'A)MACH = .20 
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APPENDIX 


TABULATED SOURCE DATA 


Tabulations of plotted data are available 
from DMS upon request. 
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